The caspase family proteases are key proapoptotic proteins while the inhibitor of apoptosis proteins (IAP) prevent apoptosis by antagonizing the caspases or other key proapoptotic proteins. Limited studies of IAPs suggested their deregulation contributed to urothelial neoplasia. However, the expression status and biologic or prognostic significance of the caspase and IAP family proteins in urothelial neoplasms is not clear. In the present study, we first systematically evaluated the expression profile of the major apoptosis regulators, including caspases (CASP3, 6, 7, 8, 9, 10, and 14) , IAPs (survivin/BIRC5, CIAP1, CIAP2, XIAP, and LIVIN), APAF1, SMAC, and BCL2, as well as proliferation markers Ki67 and PHH3, in Ta/T1 human urinary bladder urothelial carcinomas and normal urothelium samples by immunohistochemistry. The analysis showed that survivin/ BIRC5 nuclear labeling index (BIRC5-N), but not cytoplasmic staining, was the only apoptotic marker which correlated significantly with tumor grade, stage, and patient outcome. We further analyzed the prognostic value of BIRC5-N in 101 Ta/T1 urinary bladder urothelial carcinomas by univariate analysis, which showed that BIRC5-N as well as the more classical prognosticators (stage, grade, and Ki67 index) were of prognostic significance. However, multivariate analysis by Cox proportional hazard regression demonstrated BIRC5-N was a stronger prognosticator than tumor grade, stage, and Ki67 labeling index. BIRC5-N index of 8% or more predicted unfavorable disease-specific survival (relative risk (RR) ¼ 6.6, 95% confidence interval ¼ 1.6-26.7, P ¼ 0.0080) as well as progression-free survival (RR ¼ 4.4, 95% confidence interval ¼ 1.3-14.6, P ¼ 0.0151). We conclude that BIRC5-N is a superior biologic and prognostic marker for Ta/T1 urothelial carcinomas of urinary bladder.
Urothelial carcinoma is the most common cancer of human urinary bladder and is among the major malignancies. 1 Many efforts have been made in search of biomarkers associated with histopathological features and biological behavior of urothelial carcinomas, 2, 3 in order to achieve accurate grading, staging, and optimal management. Molecules involved in cell death and proliferation are among those receiving more attention, but their roles in urothelial carcinogenesis and tumor progression are not well understood.
The caspase family proteases are key proteins in apoptotic signaling pathways, [28] [29] [30] while the intrinsic inhibitor of apoptosis proteins (IAP) effectively prevent apoptosis by antagonizing the caspases or inhibiting other proapoptotic proteins, in addition to participating in cell cycle progression and control of cell division. 31, 32 In addition, mitochondrial proteins APAF1 and SMAC are also key proapoptotic proteins released upon apoptotic stimuli, which are involved in caspase activation and inhibition of IAPs, respectively. 33 Limited studies of a few of the IAP family proteins in urothelial carcinomas suggested their deregulation might contribute to urothelial neoplasia. [22] [23] [24] 26, 27 Researchers are also exploring experimental approaches targeting Survivin/BIRC5 to induce bladder cancer cell death. 34 However, systematic evaluation of the expression profile and biologic significance of these apoptosis regulators in urothelial carcinomas is lacking. In addition, although tumor cell proliferation (as assessed by the immunomarker MIB1/Ki67) has been correlated with urothelial carcinoma progression and patient survival, 4, 11, 14, 17, 21, 25 the relationship of proliferation activity with caspase and IAP expression in urothelial carcinomas is not clear.
The present study aimed to evaluate comprehensively the expression profile of apoptosis regulators in Ta and T1 urothelial carcinoma of human urinary bladder, and to identify apoptotic regulators most closely associated with proliferation activity, degree of malignancy and patient outcome.
Materials and methods

Tissue and Cell Samples
Cases were from the authors' institution, and all tissues were collected and used strictly in accordance with institutional guidelines. Consecutive cases were evaluated for tissue adequacy, accuracy of staging, and therapeutic protocols. Fifty-nine low-grade (LGC) and 42 high-grade (HGC), pathologically confirmed Ta (54 cases) and T1 (47 cases) human urinary bladder urothelial carcinomas, and 11 normal urothelial samples were included. Carcinoma in situ was excluded. Diagnosis was pathologically established by complete transurethral resection of bladder tumor (TURBT). These patients received weekly intravesical instillation of bacillus Calmette-Guerin (BCG) for 6 consecutive weeks, starting 2 weeks after resection of tumor, without additional adjuvant therapies. Formalin-fixed, paraffin-embedded tissues were used for immunohistochemistry. Fresh frozen tissues from five paired urothelial carcinoma and tumor-free adjacent urothelium samples, and four additional normal urothelium samples from cystectomy performed for non-neoplastic conditions were snap frozen in liquid nitrogen and were used for RT-PCR and Western blot analyses. All cases were reviewed and graded according to the WHO/ISUP criteria. 3 The urothelial carcinoma cell lines T24 (high-grade) and RT4 (low-grade) (from ATCC) were cultured in RPMI1640 and McCoy's 5A medium with 10% fetal calf serum, respectively.
Antibodies
The following antibodies at indicated dilutions were used: CASP3 (rabbit polyclonal, Santa Cruz, Santa Cruz, CA, USA, 1:250), CASP6 (goat polyclonal, Santa Cruz, 1:100), CASP7 (goat polyclonal, Santa Cruz, 1:100), CASP8 (goat polyclonal, Santa Cruz, 1:100), CASP9 (rabbit polyclonal, Santa Cruz, 1:100), CASP10 (goat polyclonal, Santa Cruz, 1:100), CASP14 (goat polyclonal, Santa Cruz, 1: 300), CIAP1 (rabbit polyclonal, Santa Cruz, 1:100), CIAP2 (rabbit polyclonal, Santa Cruz, 1:100), XIAP (rabbit polyclonal, ProteinTech Group Inc., Chicago, IL, USA, 1:300), Survivin/BIRC5 (rabbit polyclonal, R&D Systems Inc., Minneapolis, MN, USA, 1:300 for IHC, and 1:1000 for immunoblotting), Livin (goat polyclonal, R&D, 1:500), APAF1 (rabbit polyclonal, Santa Cruz, 1:100), SMAC (goat polyclonal, Santa Cruz, 1:300), BCL2 (mouse monoclonal, Zymed Laboratories Inc., San Francisco, CA, USA, 1:200), PHH3 (rabbit polyclonal, Upstate Group LLC, Charlottesville, VA, USA, 1:500), Ki67(MIB1) (mouse monoclonal, DakoCytomation, Glostrup, Denmark, 1:100), GAPDH (mouse monoclonal, clone 6C5, Kangcheng, Shanghai, China, 1:10000).
Immunohistochemistry
Sections (4 mm) were immunostained by standard labeled streptavidin-biotin protocol. Omission of primary antibodies was used as a control. A procedure to block endogenous avidin-binding activity 35 was employed. Antigen retrieval was by high-pressure boiling in citrate buffer (pH 6.0) for 3 min. Immunostaining for each marker was performed in one batch with appropriate positive and negative controls. Reagents and reaction conditions were carefully controlled to minimize variations across batches. Cytoplasmic staining of the apoptotic markers showed a diffuse staining pattern when positive and was scored by conventional four-tiered semiquantitative scoring system (scores 0-3 for negative, weak, moderate, and strong staining, respectively), 36 based on staining intensity. Survivin/BIRC5 displayed distinct nuclear and cytoplasmic staining, and was separately scored as BIRC5-C and BIRC5-N. The staining of proliferative markers Ki67 and PHH3 was exclusively nuclear. The BIRC5 nuclear labeling index (BIRC5-N, %) and Ki67 labeling index (%) was determined by counting positive cells in 1000 cells, starting from the most intensely labeled region. PHH3 positivity (positive cells/10 high-power fields) was determined by counting labeled cells in at least 10 (and up to 50) high-power fields also starting from the most intensely labeled region. Immunostaining was evaluated and scored by two pathologists independently and then cross-checked.
Reverse Transcriptase-Polymerase Chain Reaction
Primers for caspases and IAPs were designed according to cDNA sequences in GenBank and synthesized by Invitrogen (Shanghai, China). Primers (upstream and downstream) for the target genes were:
. Primers were designed to span introns to avoid false positivity from genomic DNA contamination. Positive controls using cultured cancer cell lines known to express these genes and negative controls by omission of templates were employed. Total RNA from fresh tissue and cultured cells was isolated with the Trizol reagent (Invitrogen, Carlsbad, CA, USA). Reverse transcription was carried out in 20 ml mixture containing 5 mg total RNA, 0.5 mg oligo(dT) 18 primer, 2 ml of 10 mmol/l dNTP, 0.1 ml of 1 mol/l DTT, and 1 ml of M-Mulv reverse transcriptase (Fermentas, Hanover, MD, USA), for 60 min at 421C followed by 10 min at 721C. PCR was carried out with Taq DNA polymerase (Takara, Japan) in 30 cycles of amplification (30 s at 951C, 30 s at predetermined appropriate annealing temperature for each primer set, and 35 s at 721C), followed by 10 min at 721C. PCR products were resolved by 2% agarose gel and visualized by ethidium bromide staining.
Western Blot Analysis
Fresh frozen tissue samples were minced and powdered with mortar and pestle on liquid nitrogen. Total proteins from powdered tissue samples and cultured cells were extracted in the presence of protease inhibitor cocktails (Roche Diagnostics, Mannheim, Germany), quantitated by using the BCA kit (Pierce Biotechnology Inc., Rockford, IL, USA) and resolved by 10% SDS polyacrylamide (Sigma, St Louis, MO, USA) gel electrophoresis. Proteins were electroblotted to PVDF membrane (Amersham Biosciences UK Ltd., Little Chalfont, UK) in CAPS buffer (pH 11.0) (Amresco, Solon, OH, USA), and then incubated with block solution (5% non-fat milk, 0.1% Tween 20, in 1 Â TBS, Sigma, St Louis, MO, USA) at room temperature for 2 h. Anti-BIRC5/survivin was used at 1:1000, anti-GAPDH (mouse monoclonal, clone 6C5, Kangcheng, Shanghai, China, 1:10 000) was used as internal control. Horseradish peroxidase-labeled secondary antibodies were from Zymed (San Francisco, CA, USA). Incubation with primary and secondary antibodies were at room temperature for 2 and 1.5 h, respectively. Signals were detected by exposure to X-ray films after treatment with the SuperSignal enhanced chemiluminescence kit (Pierce Biotechnology Inc., Rockford, IL, USA) after incubation with primary and secondary antibodies.
Statistical Analysis
General statistical and survival analysis was carried out by using the Statistica software (StatSoft Inc., Tulsa, OK, USA). Intergroup differences were examined by using Student's t-test or Mann-Whitney U-test, as appropriate. Spearman rank order correlation was used to examine correlations between variables. Ta Representative immunostaining was shown in Figure 1a . Most of the apoptosis regulators showed a cytoplasmic staining pattern, with the exception of survivin/BIRC5, which displayed distinct cytoplasmic (BIRC5-C) and nuclear (BIRC5-N) staining patterns ( Figure 1b) . The immunostaining results of these markers were visually summarized in a color scale map (Figure 3a) .
Results
Overview of Expression Profile of Apoptosis Regulators and Proliferation Markers in
In parallel with the immunohistochemical analysis, we examined the mRNA expression by RT-PCR of CASP3, 6, 8, and 9, and CIAP1, CIAP2, BIRC5, and XIAP, in 10 paired fresh specimens of highgrade urothelial carcinoma and adjacent normal urothelium together with the urothelial carcinoma cell-line T24 (Figure 2, upper panel) . Semiquantitative analysis showed that mRNA of these IAPs and caspases, particularly BIRC5 and CASP3, was more abundant in urothelial carcinomas than in normal urothelium. Western blot analysis (Figure 2 , lower panel) demonstrated abundant Survivin/BIRC5 protein in fresh tumor samples and urothelial carcinoma cell lines T24 and RT4, but not in normal urothelium samples.
Comparison of the immunostaining data ( Figure  3a ) between normal urothelium and LGC or HGC was summarized in Figure 3b . The urothelial carcinomas had much higher levels of antiapoptotic proteins BIRC5 (both BIRC5-C and BIRC5-N), CIAP1, and CIAP2, as well as the proapoptotic protein CASP3 (all with Po0.01) than normal urothelium. Expression of other apoptosis regulatory proteins were not significantly different between carcinomas and normal urothelium.
Pairwise correlation analysis showed that the proliferation markers (Ki67, PHH3, and MF) were significantly associated with BIRC5-N expression in the carcinomas (r s ¼ 0.7565, 0.6692, 0.6280, respectively, Po0.01), but not with BIRC5-C, nor with other apoptosis regulators. In addition, BIRC5-N was not significantly associated with the other IAPs or the caspases.
Comparison between LGC and HGC
When LGC and HGC were compared (Figure 3b ), only BIRC5-N (but not BIRC5-C) and the proliferation markers were significantly different between the two grades (Po0.01), but other markers were not.
Comparison between Ta and T1
Figure 3c summarized comparison of these markers between Ta and T1 carcinomas. Again, only BIRC5-N (but not BIRC5-C) and the proliferation markers were significantly different between Ta and T1 carcinomas (Po0.01), but other markers were not.
Relationship of BIRC5-N and BIRC5-C Expression with Clinicopathological Parameters and Proliferation Activity
The above initial analyses showed that BIRC5-N and proliferation markers were the prominent parameters associated with grade and stage of Ta/T1 urinary bladder urothelial carcinomas, as well as prognosis (not shown). We then focused further analysis on the relationship of BIRC5 with tumor grade, stage, and proliferative activity, in a cohort of 101 Ta/T1 urinary bladder urothelial carcinomas. Table 1 summarized the relationship of BIRC5-N and BIRC5-C with clinicopathological parameters, which validated the initial result that BIRC5-N, but not BIRC5-C, was significantly associated with grade, stage, and proliferative activity. Notably, Noninvasive (Ta) low-grade urothelial carcinomas is considered 'genetically stable' and fundamentally different from 'genetically unstable' tumors, to which noninvasive (Ta) high-grade carcinomas and T1 tumors (regardless of grade) belong. 3 Comparison was therefore also made between these two groups (group A: Ta LGC tumors; group B: either T1 or HGC). Group B ('genetically unstable' tumors) displayed significantly higher BIRC5-N labeling index (Po0.01) than group A patients (Table 1) , but BIRC5-C immunostaining score was similar in these two groups.
BIRC5-N, but not BIRC5-C, is of Prognostic Significance
We further analyzed the prognostic value of BIRC5-N, BIRC5-C, Ki67, tumor grade, stage, grouping based on 'genetic stability', and patient age, in this cohort of 101 pathologically confirmed Ta/T1 Univariate analyses showed that BIRC5-N (Z8.0% vs o8.0), Ki67 labeling index (Ki67Z20% vs o20%), tumor grade (HGC vs LGC), stage (T1 vs Ta), and grouping based on 'genetic stability' were of prognostic significance with respect to both diseasespecific survival and progression-free survival ( Figure 5 , and Tables 2 and 3) .
However, in multivariate analysis incorporating these parameters, only BIRC5-N retained independent prognostic power at a cutoff value of 8% (Tables 2 and 3) , with approximately 4.4-to 6.6-fold increase of risk for progression or disease-specific death, respectively.
Discussion
Most earlier studies addressing apoptosis regulator expression in urothelial carcinomas of urinary bladder focused on BCL2 family, but its relationship with progression or patient outcome has not been settled. 5, [7] [8] [9] 12, 13, 18, 20 More recently, the potential role of two IAP family members in bladder cancer was studied by a few groups. 22 22 observed weak XIAP expression in normal urothelium and usually stronger expression in 73.2% of urothelial carcinomas. Detection of BIRC5 in urine as an attractive, highly sensitive and specific marker of bladder cancer, has also been reported. 27, 37, 38 The expression status of other IAP family members and the caspases in Ta or T1 urothelial tumors has not been explored previously. The present study is the first to systematically evaluate expression of caspases, APAF1, SMAC, and the IAPs in Ta or T1 urothelial carcinomas. We demonstrated that urothelial carcinomas had significantly higher levels of some IAPs (BIRC5, CIAP1, and CIAP2) than normal urothelium. Interestingly, CASP3 was also increased in urothelial carcinomas. Overexpression of CASP3 has also been reported in hepatocellular carcinomas. 39 Coexistence of high levels of CASP3 or CASP8 and BIRC5 or XIAP has been described in other tumor cell lines and tissues. 40 Thus, our data showed IAPs and CASP3, being functionally adversarial molecules, could be coexpressed at higher levels in urothelial carcinoma than in normal urothelium as well.
However, with the exception of BIRC5-N, difference in expression of most apoptosis regulators (including BIRC5-C and other IAPs) between LGC and HGC, or between Ta and T1, or between 'genetically stable' and 'genetically unstable' urinary bladder urothelial carcinomas was not significant. This implicated that disturbed expression of most apoptosis regulators (including most IAPs, except BIRC5-N) in urinary bladder urothelial carcinomas as compared to normal urothelium probably represented common early events in urothelial carcinogenesis.
Relationship of proliferation activity with expression of most caspases and IAPs in urinary bladder urothelial carcinoma has not been previously explored. Our data showed that in Ta/T1 urothelial carcinoma proliferation activity was closely associated with BIRC5-N but not BIRC5-C or other apoptosis regulators. Also noticeable was that BIRC5 nuclear labeling index was not associated with other apoptosis regulators, including its own cytoplasmic staining (Table 1) . It has been shown that, in addition to apoptosis regulation, BIRC5 was involved in control of mitosis and more generally in cell cycle progression. 31, 41, 42 The existence of differential nuclear and cytoplasmic pools of BIRC5 and their functional diversification might be related to differential subcellular localization of BIRC5 splice variants. 31, 41, 42 Importantly, it has also been noted that BIRC5 nuclear staining was mostly observed in a fraction of Ki67 positive cells, further supporting the idea that BIRC5 nuclear positivity was mainly related to cell proliferation. 43 Thus, the close association with proliferative activity as well as tumor grade and stage in urothelial carcinomas indicated that BIRC5-N was probably more an indicator of proliferative advantage than antiapoptotic activity. Urothelial carcinoma progression, therefore, was probably more closely related to acquisition of additional proliferative advantages than to deregulated apoptosis. 6 Only a few reports on association of IAPs with clinicopathological variables of urinary bladder urothelial carcinoma are available. One study noticed correlation of BIRC5 mRNA with grade but not stage in Ta/T1 tumors, and no correlation of Livin with either grade or stage. 24 Another reported correlation of BIRC5 mRNA expression with tumor grade and stage (pTa-T3). 27 Yet another found no correlation of BIRC5 immunostaining with grade or stage in Ta/T1 carcinomas. 26 Reports regarding prognostic value of IAPs in urothelial carcinoma were scarce, [22] [23] [24] 26, 27 and that of caspases were lacking. XIAP was not observed to correlate with prognosis of urothelial carcinomas. 22 BIRC5 mRNA or protein expression was reported to be of prognostic significance by a few groups, 23, 26, 27 but not by others. 24 However, these studies did not specifically address the phenomenon and significance of differential nuclear and cytoplasmic expression of BIRC5 and its biologic prognostic significance in urothelial carcinomas. Only one study 44 of urinary bladder urothelial carcinomas specified differential cytoplasmic and nuclear BIRC5 immunostaining, although the latter was not found to be statistically associated with prognosis in their series of 45 cases.
Different prognostic significance of BIRC5 nuclear labeling in several tumor types has been reported in recent years, [45] [46] [47] [48] [49] [50] as summarized in reference Li et al. 51 For example, correlation of BIRC5 nuclear (but not cytoplasmic) staining with poor prognosis has been reported in ependymoma, esophageal squamous cell carcinoma, hepatocellular carcinoma, mantel cell lymphoma, and non-small cell lung cancer. [45] [46] [47] [48] Paradoxically, BIRC5 nuclear staining was reported to be associated with better prognosis in gastric cancer and breast cancer. 49, 50 It has been proposed that variations in immunostaining and interpretation might be among the contributing factors to these conflicting results. 51 The distinct nuclear and cytoplasmic staining in our study is unequivocal, and we provided detailed quantitative data on the nuclear staining than Survivin nuclear index in urothelial carcinoma W Yin et al previous reports. Our data clearly showed that BIRC5 nuclear labeling index, but not cytoplasmic staining, was significantly associated with tumor grade, stage, and poorer prognosis for Ta/T1 urothelial carcinomas. Although Ki67 was found to be more powerful a prognosticator than BIRC5-N in intracranial ependymoma, 43 our multivariate analysis indicated that BIRC5-N was a superior prognostic marker to Ki67, tumor grade, and stage for Ta/T1 urinary bladder urothelial carcinoma. These more classical parameters did not show strong independent prognostic value (even when BIRC5-N was not included) in the multivariate analysis. For Ki67, this probably reflected the greater variability of Ki67 in urothelial carcinomas, which reduced its power to predict tumor behavior. The narrower range and closer correlation of BIRC5-N staining with aggressive behavior made it an apparently better prognosticator for Ta/T1 urinary bladder urothelial carcinoma, as can be appreciated by comparing the survival curves ( Figure 5 ). BIRC5-N labeling index might find its way into clinical use as a very useful biologic marker than existing ones.
As most Ta/T1 urinary bladder urothelial carcinomas showed high cytoplasmic BIRC5 levels, as demonstrated by our data, analysis of total BIRC5 protein probably would be less powerful as a biomarker in Ta/T1 urothelial carcinomas. Indeed, in our initial analysis of BIRC5 immunostaining when a total immunoscore combining cytoplasmic and nuclear staining was used, no association with tumor grade, stage, or prognosis could be appreciated based on such integrated immunoscores of BIRC5. Although Western blot analysis of BIRC5 protein is of value in confirming the presence of the target protein, it would not have distinguished nuclear and cytoplasmic expression unless subcellular fractionation was performed. RT-PCR analysis of mRNA also would be less useful in this respect, since it is well known that mRNA levels may not always correlate with protein levels. Thus, BIRC5 immunostaining is of particular use in this scenario as it differentiates the two pools of BIRC5, and that evaluation of BIRC5 cytoplasmic and nuclear immunostaining must be separately scored to maximize its use as a biomarker. Ms D Xiao for technical assistance, Dr B Yang, Mr K Yang, Ms B Liu, and Ms X Wu for retrieving archival material. We are most grateful to colleagues who reviewed earlier drafts of the manuscript for their 
